The objective of this study was to assess the pattern of change in salivary immunoglobulins and antibodies to S. mitis and S. oralis in 23 children following allogeneic bone marrow transplantation and their matched controls. To overcome the difficulty of obtaining a sufficient quantity of whole saliva from very young, sick children saliva was collected in a 5-ml oral rinse of sterile normal saline. It was not possible to measure the volume of whole saliva in each rinse and the concentration of the salivary immunoglobulins and bacterial antibodies were estimated from 1 ml of oral rinse. Despite these shortcomings a pattern of change in the mean concentrations of total salivary IgA, secretory IgA, antibodies to S. mitis and S. oralis and total IgG at specific eventrelated times during the transplantation period has been demonstrated. There was a significant increase in the concentration of salivary IgG 7 days post-transplant ation, followed by significant decreases in total salivary IgA, secretory IgA and antibodies to S. mitis after recovery of the peripheral neutrophil count above 0.5 × 10 9 . The concentrations of total IgA and antibodies to S. oralis was significantly greater in the transplant group 119 days post-transplantation. Keywords: salivary immunoglobulins; bacterial antibodies; transplants This study was part of a large microbiological and oral health survey of children undergoing allogeneic bone marrow transplantation. The main microbiological findings were firstly, a significant decrease in the total anaerobic and aerobic bacterial counts during the period of intense immunosuppression and neutropenia. There was a simultaneous increase in the percentage of the 'oralis group' (S. mitis and S. oralis collectively) of the oral streptococci as a proportion of the total anaerobic count. 1
bone marrow transplant patients. [2] [3] [4] [5] There was also a deterioration in the oral health with a significant increase in plaque and gingivitis scores. 6 There are little data regarding salivary immunoglobulins in bone marrow transplant patients and the effect that any changes in the immunoglobulins may have on the initiation of bacteraemia from the oral streptococci.
There have been few investigations concerned with salivary immunoglobulins and antibody production in children suffering from malignant disease. In healthy children, secretory IgA (S-IgA) concentrations are undetectable at birth but soon appear in saliva reaching levels similar to those found in adults by 2 to 4 years in stimulated saliva and 6 to 8 years in unstimulated saliva. 7 Total IgA levels in children have been reported as 45.6 g/ml, at a mean age 8 years 4 months 8 and 43.9 g/ml at a mean age of 1.5 years. 9 Changes in the salivary immunoglobulins of adult cancer patients treated with chemotherapy have been reported. These were a decrease in salivary IgA and an increase in salivary IgG. 10 It was suggested that the increased IgG levels were due to capillary leakage and increased transudation across the inflamed oral mucosa. The plaque and gingivitis scores for these patients were increased, which would also lead to increased transudation of IgG through the gingival crevice. A gradual decrease in salivary IgA, IgG and IgM after a conditioning regimen of chemotherapy and irradiation has also been shown. 11 This was followed by an increase in the salivary concentrations from day 4 posttransplantation which declined after 3 weeks, suggesting that the immunoglobulin was secreted by the donor B-lymphocytes and plasma cells transferred with the graft. This is supported by results of specific antibody transfer from seven donors who were immunised with tetanus toxoid 4-7 days before harvesting. 12 Anti-tetanus toxoid IgA was present in the parotid saliva of only one recipient prior to transplantation. It was concluded that the antibody-producing cells activated in the donor are transferred with the graft to the recipient.
In another group of 85 patients with haematological disorders, significantly decreased levels of all classes of immunoglobulins were found in saliva and serum before and up to 5 years after bone marrow transplantation. 13 In a more recent study of adult transplant patients, significant decreases in S-IgA and IgG were recorded between 3 and 4 weeks post-transplantation which is in part, consistent with earlier work. 14 The purpose of this study was to investigate the pattern of change in total salivary IgA, secretory IgA, total salivary IgG and antibodies to S. mitis and S. oralis at specific event related times during the early transplantation period.
Patients and methods

Patients
Twenty-three children undergoing allogeneic bone marrow transplantation from the Great Ormond Street Hospital for Children (n = 18) and the Royal Marsden Hospital (n = 5) took part in the study. They were matched for age, gender, ethnicity and social class with healthy children from schools in the Merton and Sutton Area Health Authority. There were 16 boys and seven girls in each group. The mean age of the bone marrow transplant group was 8.32 years (s.d. 1.85) and of the matched control group was 8.42 years (s.d. 1.78).
Medication
The conditioning regimen immediately prior to bone marrow transplantation comprised 12-14.4 Gy of fractionated total body irradiation over 3 to 5 days, followed by cyclophosphamide 60 mg/kg with mesna. Graft rejection was minimised with methotrexate 10 mg/m 2 on designated days and cyclosporin, starting dose 1.5 mg/kg. Five children received matched but unrelated allografts which were T cell-depleted with monoclonal antibody, in vivo and the donor bone marrow in vitro.
All subjects received prophylaxis against Pneumocystis carinii. This comprised co-trimoxazol 1.5 mg/kg/day until 1 day pre-transplantation (n = 22) or pentamidine 4 mg/kg fortnightly throughout the transplantation period (n = 1). Cotrimoxazole, at an age-and weight-related dose, was recommenced by all subjects when the neutrophil count had risen above 1.0 × 10 9 /l. Nineteen children were pyrexial by the 5th day post-transplantation. Pyrexial episodes were treated empirically with antibiotic regimens which cover the main groups of gram-positive and gram-negative bacteria. These were either a combination of ceftazidime 150 mg/kg/day and amikacin 20 mg/kg/day (n = 4) in addition to vancomycin 10 mg/kg 6 hourly for two other children or ciprofloxacin 10 mg/kg/day and amikacin 20 mg/kg/day (n = 5); or piperacillin 300 mg/kg/day, flucloxacillin 100 mg/day and gentamicin 2 mg/kg/day (n = 3); or piperacillin 300 mg/kg/day, flucloxacillin 100 mg/day and amikacin 20 mg/kg/day (n = 1). Three further children were treated with amikacin 20 mg/kg/day, vancomycin 10 mg/kg and one other child with amikacin 20 mg/kg/day and vancomycin 10 mg/kg 6 hourly. By the time the peripheral neutrophil count had recovered Ͼ0.5 × 10 9 /l, 16 of the children were still being treated with antibiotics.
On admission to hospital each child commenced a mouth care regimen. This comprised anti-fungal prophylaxis with either itraconazole 2.5 mg/day (GOS) or a combination of nystatin 100 000 units, and amphotericin 10 mg four times daily (RMH). Children unable to tolerate itraconazole were prescribed fluconazole 3 mg/kg/day starting 1 day before the transplant. In addition, the Great Ormond Street subjects were instructed to rinse the mouth four times daily with 0.2% chlorhexidine in order to minimise the level of bacterial dental plaque.
Collection of saliva samples
It was clear from the pilot evaluation that the limiting factor was the ability of both the youngest and most unwell child to produce at least 2 ml of saliva on day 7 post-transplantation. An oral rinse with 5 ml of sterile normal saline was found to be the most acceptable method by both the parents and children. The oral rinse was similar to the routine mouthcare and all the children could manage it, it was easily repeated on each occasion and was therefore a standard method of saliva collection throughout the study. Collection of other body fluids for quantitative analysis using saline washings have been reported, for example bronchial lavage. 15 Saliva was collected in this manner on four separate occasions (1) baseline, before the conditioning regimen; (2) 7 days post-transplantation, neutrophil count Ͻ10 8 /l; (3) after the peripheral blood neutrophil count has recovered above 0.5 × 10 9 /l; (4) 119 days post-transplantation. Saliva was collected in a similar manner from the matched controls on two occasions 118 days apart. Standard microbiological methods were used for estimation of the total aerobic and anaerobic bacterial counts, speciation of the oral streptococci, 16 Candida species, 17 Enterobacteriaceae and enterococci. 18 One millilitre of the oral rinse was centrifuged at 11 500 g and stored in 100 l aliquots with an equal volume of glycerol at −70°C for immunoglobulin assays.
ELISA capture assays for the quantification of salivary immunoglobulins
The concentrations of total salivary IgA, secretory IgA (SIgA) and IgG were measured by capture ELISA. 19 The oral rinses were added at four doubling dilutions starting at 1:50 for IgA and S-IgA and 1:10 for IgG. Concentrations of both IgA and S-IgA were quantified by comparison with human colostrum, 5 mg/ml (Sigma Chemical, Poole, UK). A standard curve with six doubling dilutions in duplicate was included in each plate, starting at 1:3000. Concentrations of IgG were calculated by comparison with pooled human saliva calibrated with World Health Organisation serum containing 12 mg/ml of IgG (World Health Organisation ref: 67/99). The detection layer was added at a dilution of 1/500 for the total and S-IgA and 1/1000 for the IgG assays.
Indirect or sandwich ELISA for quantification of salivary IgA antibody against S. oralis and S. mitis
The method of Engvall and Perlmann 20 was used as modified by Czerkinsky et al. 21 The type strains used for the coating were S. mitis NS51 and S. oralis NCTC 11427. The bacterial suspension for each species was prepared in a 0.3% concentration of methyl glyoxal at a concentration of 4 × 10 9 cells per millilitre. Each well was coated with 100 l of the appropriate bacterial cell suspension for the assay. The oral rinses were added to the microtitre trays in four doubling dilutions starting at 1:2.5. The standards were two separate collections of pooled human saliva, one of which was highly positive for S. oralis and the other for S. mitis. Six doubling dilutions were used in duplicate starting with 1:5. The detection layer, conjugate and reading of the plates were also the same as for the IgA assays.
Statistical analysis
The data was tested for normality using the Shapiro-Wilk test. 22 The data were not normally distributed and non-parametric tests were used to make comparisons both within each group of children (Wilcoxon matched pairs analysis) and between the study and control groups (Mann-Whitney test). Concentrations greater than 2 standard deviations from the mean value were excluded from the analysis. Outliers such as these should be isolated because they can cause a marked distortion in the values commonly used for numerical measures such as the mean.
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Results
Because it was not possible to measure the volume of saliva collected in the oral rinses, the results indicate the pattern of changes in the salivary immunoglobulin concentration.
Reproducibility
The same four control samples were run in each assay at four doubling dilutions and the coefficient of variation was less than 11%. An inter-assay variation below 20% and an intra-assay variation below 12% were accepted.
Immunoglobulin levels at baseline
In the matched controls group, there were no significant differences in the concentration of total IgA, S-IgA and salivary IgA antibodies to S. mitis and S. oralis between baseline and 117/118 days later (Table 1) .
There were no significant differences in the mean concentrations of either total IgA, S-IgA, salivary IgA antibodies to S. mitis and S. oralis and total salivary IgG Results greater than 2 standard deviations from the mean have been excluded so that n Ͻ 23.
between the transplant and matched control groups at baseline (Table 1) .
Immunoglobulin levels 7 days post-transplantation
There were no significant differences in the mean concentrations of either total IgA, S-IgA, salivary IgA antibodies to S. mitis and S. oralis between baseline and 7 days posttransplantation (Table 2 ). There was a significant increase in the mean concentration of total salivary IgG 7 days posttransplantation (P Ͻ 0.01) compared with baseline (Table 2) .
Immunoglobulin levels after recovery of the peripheral neutrophil count (Ͼ0.5 × 10 9 /l)
Three children died before this stage. A fourth child was excluded because it was unlikely that the bone marrow would reconstitute. There were significant decreases in the mean concentrations of total IgA (P Ͻ 0.01) and S-IgA (P Ͻ 0.001). There was a significant decrease in the mean concentration of salivary IgA antibodies to S. mitis (P Ͻ 0.002) although the percentage of S. mitis as a proportion of the total anaerobic count was no different from baseline. There was a significant decrease in the mean concentration of total salivary IgG (P Ͻ 0.03) compared with baseline (Table 3 ). There was no significant change in the mean concentration of salivary IgA antibodies to S. oralis.
Immunoglobulin levels 119 days post-transplantation
A further four children died before the first 100 days posttransplantation. The mean concentration of total salivary IgA (P Ͻ 0.005) was significantly greater 119 days posttransplantation than at baseline. The concentration of salivary IgA antibodies to S. oralis was also significantly greater (P Ͻ 0.002) ( Table 4 ). The mean concentration of total salivary IgA (P Ͻ 0.001) and salivary IgA antibodies to S. oralis (P Ͻ 0.0001) were significantly greater in the transplant group than in the controls (Table 4) .
Discussion
The inherent problems with this method are the inability to estimate the volume of saliva in each rinse and sub- Significantly increased day 7 post-transplantation, P Ͻ 0.01. Significantly greater in BMT group, P Ͻ 0.0001.
sequently the exact quantity of salivary immunoglobulins and bacterial antibodies per millilitre of saliva. Because the severely ill children were unable to produce a sufficient volume of saliva on day 7 post-transplantation, the oral rinse method was used to overcome this difficulty. This work demonstrates that the oral rinse method provides an indication of the pattern of change of these parameters during the early transplantation period.
A pattern of significant changes in the salivary immunoglobulins and antibodies to S. mitis and S. oralis were found following allogeneic bone marrow transplantation. These changes in the salivary immunoglobulins were similar in part, to the changes reported from another group of bone marrow transplant patients. 11 The investigators found that following a decrease in immunoglobulin concentrations after the conditioning regimen, the early post-transplant phase was associated with a rapid increase in salivary immunoglobulin levels. An increase in the concentrations of salivary immunoglobulins was detected as early as day 4 post-transplantation which steadily increased and levelled out 2 to 3 weeks later. The concentrations then decreased and remained low for approximately 3 months. It was suggested that the origin of the salivary immunoglobulins was the donor B cells migrating to the recipient's salivary glands. The original donor cell lines die after about 3 weeks which is consistent with the decrease in immunoglobulin production and it is some time before the humoral immune system becomes re-established. This assumption has been tested with tetanus toxoid as antigen with comparable results.
In the present study, it is not known to what extent the concentration of salivary immunoglobulins changed immediately after the conditioning regimen. On day 7 posttransplantation although the mean concentration of total IgA was not different from baseline, there was a significant increase in the mean concentration of IgG. This was coincident with a significant increase in the gingival index which together with the mucositis would result in increased transudation of serum IgG across the gingival margin and the inflamed mucosal surfaces. 6 However, the children were receiving weekly infusions of immunoglobulin, predominately IgG with only a trace of IgA and the increased concentrations observed were presumably mainly from the infusion and only partly bone marrow donor-derived. S-Ig A is the most sensitive component of oral mucosal immunity. A simultaneous increase in total salivary IgA might have been expected, consistent with earlier reports of increased S-IgA levels in patients with malignant disease. 13 The mean concentration of IgA antibodies to S. mitis and S. oralis were also unchanged from baseline. However, the percentage of S. mitis and S. oralis collectively, isolated from the oral rinses as a proportion of the total anaerobic count increased significantly (P Ͻ 0.001) at this time. 1 This occurred irrespective of the antibiotic therapy and was coincident with the most severe mucositis and a significant increase in the bacterial plaque and gingivitis scores. In addition, the children were not eating and were supported by parenteral nutrition. It is highly probable that S. oralis survives well in the mouths of the neutropenic children because of the readily available transferrin for primary binding and the carbon source available from saliva and plaque glycoproteins. Furthermore, S. oralis and S. mitis are able to utilise N-acetylneuraminic acid (sialidase) as a sole carbon source 24 which is likely to be an important factor in their persistence in the mouth of these children.
As the neutrophil count recovered above 0.5 × 10 9 /l, which occurred between 15-35 days (mean 25 days), the mean concentrations of total salivary IgA, S-IgA and IgA antibodies to S. mitis were decreased compared with baseline. This is consistent with the original cell lines declining after about 3 weeks 11 and a delay in the maturation of the lymphocytes.
At the end of the study, approximately 16-17 weeks after transplantation, the concentrations of S-IgA antibodies to S. mitis and IgG were not different from baseline, but total IgA and IgA antibodies to S. oralis were significantly greater. In an investigation of 42 adult bone marrow transplant recipients, S-IgA and IgG were significantly decreased on day 39 post-transplantation. 14 In a different study of 85 adults, the concentrations of all classes of immunoglobulins, both before transplantation and during a 5-year follow-up period, were significantly decreased. 13 As the immunoglobulins in the present study have not been estimated at the same time intervals or after 4 months posttransplantation, no useful comparisons can be made.
The changes in antibody concentrations to S. mitis and S. oralis are more erratic and difficult to explain. There is probably cross-reactivity between S. mitis and S. oralis which may be why the concentration of antibodies to only one or both species may change. There was no correlation between the numbers of S. mitis and S. oralis isolated from the saliva with the antibody concentrations possibly because the responses have to be re-established by the new immune system as it grows and develops in the recipient.
In conclusion, due to the difficulties in obtaining a sufficient volume of whole saliva, it has only been possible to identify the trends in the levels of salivary immunoglobulins and bacterial antibodies. It would be useful to repeat this work as a separate study for which a small volume of saliva would be sufficient.
